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(57) Abstract: 

PROBLEM TO BE SOLVED: To provide a noise suppressor which can 
efficiently pick up only an object signal. 

SOLUTION: A power spectrum component and a phase component are 
10 extracted from an input signal by a frequency analyzing circuit 
202, on the other hand, it is discriminated by a voice/non-voice 
discrimination circuit 206 whether an input signal is an object 
signal or a noise, only when it is a noise, an input signal spectrum 
Sns(f ) is taken in a noise spectrum characteristics calculation 
15 and storage circuit 208 by a switch 207 A, multiplied by an aural 
weight coefficient W(f), a difference between the signal and 
average power spectrum S(f ) of the input signal is obtained, and 
the difference is restored by an inverse frequency analyzing 
circuit 210. Further, when a residual noise exists, the noise 
20 is multiplied by an output of a loss control coefficient 
calculation circuit 212 through an operation means 214, and the 
residual noise is almost completely eliminated . 
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[0009] 

[Means to Solve the Problem] In the present invention, in order 

1 




that a residual noise, which has been the most significant problem 
in a noise suppressor realized with the conventional method, is 
heard as low as possible, the average power spectrum 
characteristics of the noise which is subtracted from the power 
5 spectrum characteristics of an input signal is aurally weighted. 
Namely, the present invention is the method that uses anew an 
aural weight coefficient W(f) instead of a subtraction 
coefficient a in the equation ( 1 ) . The introduction of the weight 
coefficient into the method makes it possible to largely reduce 

10 any annoying residual noise. 

[0010] In other words, a value of 1.0 or more is used for the 
value of a in the equation (1) based on the conventional method 
in order to increase the amount of noise suppression as much as 
possible. The noise can largely be suppressed by increasing this 

15 value, however, there are many cases where the object signal 
itself is suppressed as well. Such suppression may possibly be 
"excessive suppression". The present invention uses such a 
weight coefficient W(f) that increases the amount of noise 
suppression without giving a large degree of distortion to the 

20 object signal. As a result, it is possible to suppress 
degradation in the quality of processed speech to the level as 
low as possible. 

[0011] Further, the present invention can reduce a residual 
noise to the level as low as possible using the method. However, 
25 in some cases , the residual noise can not completely be suppressed 




because of types and levels of noises (signal to noise ratio). 
Especially, this annoying residual noise is heard in many cases 
during intervals between signals where speech signals do not 
exist. The device according to the present invention can almost 
5 completely suppress the residual noise during intervals between 
signals where speech signals do not exist by controlling the loss 
of this noise in order to further suppress this residual noise. 
[0012] 

[ Effects ] In the present invention , speech is discriminated from 
10 noise, noise spectrum characteristics are computed by 
multiplying the noise by an aural weight coefficient, and the 
characteristics are subtracted from the power spectrum of an 
input signal. Therefore, degradation in speech quality can be 
suppressed to the level as low as possible, and any annoying 
15 residual noise can largely be reduced. 

[0013] Further, by controlling the loss to the residual noise, 
the residual noise can almost completely be eliminated. 

[0022] The processing of noise suppression is performed in the 
20 same manner as the equation (1). The aural weight coefficient 
W(f ) as shown in the equation (3) is then used instead of a in 
the equation (1) in the present invention. 
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[0023] 



[Equation 3] 



S'(f)= S(f)-W(flSus(fl if S(f)>Sna(f) 
0 or th(f) else 
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This W (f ) has a function to decrease the "level" of the residual 
noise as low as possible. The effect of using this coefficient 
is more enhanced by performing the operation using the equation 
(4). Namely, f of W(f) is replaced with i as the point of a 
10 frequency, which is expressed as follows: 
[0024] 

[Equation 4] 



15 Where fc is a value that corresponds to a frequency band of an 
input signal, and B and K are weight coefficients- When this 
value is larger, the amount of suppression is increased. This 
aural weight coefficient is effective not only in the 
characteristics as shown in the equation (4) but also in pseudo 

20 average characteristics of noise. Thus, this coefficient is not 
limited to the equation (4). Further, the weight coefficients 
B' and K may be fixed to values in the device, but the efficiency 
of noise suppression can largely be enhanced by successively and 
appropriately changing these coefficients based on the types or 

25 levels of the noise. 



W(i) = {B- CB/fc)i} + K. i = 0.fc 



• • * (4) 
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[0026] Namely, the level of a residual noise when an input signal 
is discriminated as a noise is stored in the average noise level 
storage circuit 211. This average noise level Lns is to be 
5 updated only when the input signal is discriminated as a noise 
in the same manner as that of the average spectrum characteristics . 
For instance, the average noise level Lnew [t] updated at time 
t is computed using the equation (5). 
[0027] 
10 [Equation 5] 



Where Lold represents the level of an average noise before the 
level is updated, and Ln[t] represents the level of a residual 

15 noise at time t. (5 is a coefficient for averaging like in the 
equation ( 2 ) and is set under the condition of P < 1.0. A control 
coefficient that controls the loss of an output signal level is 
then computed using these two levels. More specifically, the 
loss control coefficient at time t is computed as A[t] using the 

20 equation (6) in the loss control coefficient calculation circuit 



Lnew [t] = Lold 0 + Ln [t].( 1-5) 



(5) 



212. 



[0028] 



[ Equation 6 ] 
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A[t] = Ls[t]/*Ln[t] 



• • • (6) 
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Where Ls[t] represents an output signal, of the inverse frequency 
analyzing circuit 210, which is computed in the output signal 
computing circuit 213, and \x represents a desired amount of loss . 
This loss control coefficient Aft] is set to A[ t ] < = 1 . 0 . The final 
5 output signal of this device is obtained from the output signal 
end 215 by multiplying the output signal waveform of the inverse 
frequency analyzing circuit 210 by the loss control coefficient 
A[t] through the operation means 214. 

10 [0032] 

[Effect due to the Invention] As explained above, in the present 
invention, the noise suppressor receives a sound signal, in which 
a noise and an object signal are present together, as an input 
signal, and suppresses only the noise from the input signal. The 

15 noise suppressor comprises the frequency analyzing circuit which 
analyzes the input signal and extracts the power spectrum 
component and the phase component from the input signal, the 
object signal/noise discrimination circuit which discriminates 
whether the input signal is an object signal or a noise, the noise 

20 spectrum chaxacteristics calculation and storage circuit which 
calculates an average power spectrum of the noise from the result 
of determination on the signal and aurally weights this average 
power spectrum, the subtracting means which subtracts the aurally 
weighted average power spectrum from the power spectrum of the 

25 input signal, and the inverse frequency analyzing circuit which 




transforms the result to the original time domain. Thus, the 
introduction of the weight coefficient to the calculation makes 
it possible to suppress the distortion of the object signal to 
a minimum and largely reduce the annoying residual noise. 
5 [ 0033 ] In order to further reduce the residual noise that remains 
as the result of subtracting the power spectrum of the noise from 
the power spectrum of the input signal, the noise suppressor 
further comprises the average noise level storage circuit which 
stores the level of the residual noise, the loss control 

10 coefficient calculation circuit which calculates a loss control 
coefficient of the residual noise, and the operation means which 
controls the loss of the output signal of the inverse frequency 
analyzing circuit based on the calculated loss control 
coefficient. Therefore, it is also possible to almost completely 

15 suppress any residual noise that remains after insufficient 
suppression of the noise performed only with the weight 
coefficient . 



7 



0000 C{?>2.0- O I 



(19)0*8^/5' (J P) 



(12) Q 



(A) (H)»fFfflH^Bg#^ 

#IPPF9-212196 

(43)&»B 9 5K1997) 8J315B 



(51)Inta/ 
G 1 0 L 9/00 
H0 3H 17/02 
21/00 



6 0 1 



9274-5 J 
9274-5 J 



F I 

G10L 9/00 
H 0 3 H 17/02 
21/00 



F 

6 0 1 G 



*sa:R *SWi »3f&B©«2 OL (£ 6 H) 



(21)fflH»# 



(22) USB 



#SPF8- 14874 



¥f£8*P(1996) 1£31H 



4^*658303^1 ^298 *SWD 19954fSllJi 17 H *t 

¥&zm& m*£8m vol. 95 no. 3ssj icfgg 



(71) USA 000004226 

SDKS»fSK®ff1&=TS 19S 2 
JSDSCt5SfH&KESM&HT@19#2-fi- B* 

3tS3S»f1&Ke»T«HT119»2-^ B* 
(74)ft3LA #3± /h# 



(54) BB9i©=6;ffr] JTSiUJEige 
(57) [Stt] 

4 SB £S&-f 5 C i: T- $> £ . 

^7-*^* A*> 

fi^fewaaft^waaa 0 2-cjhhu 

*^KS>J@B2 0 6TfA*«*#BW»*4»St**«l»l 
U lt*-C*5'i:S©#*-f 3^2 0 7AC«fc t)$S^ 
h;u^H-^l£lSSi5J:VI2fSlHlK2 0 8izXMs^ 
^F^Sns (f) ££:D&^ Jg£A«J»^flUBcW 
(f ) A*fl»©W*9->l"<*>;i/S 
(f ) tom^t*), *ft£>KJmttft&#fllB2 1 Of 

if ESS 2 1 2©fcB*r£«SI#l9!2 1 4T*D, <5(S^± 




(2) 



&fm¥-9 - 2 12 19 6 



ttW-JM3J:Vl3*li»i:» C©ttjeflMe«*ttttUfc¥ 

iSeiJfc^y— r-;i/fcSu82A*ft-9©^7— .a'*-* 

[»#M2] Ji:*fcB««*tfiftflEL& : MMB9*A 

«** Btt«9*-*#m*©***ft*iai"i-* i 

J: VlBttEiai:, c 

i§a<jft^9 — Wl/Sl^A*!!-^©^?— 

»«c8M(i-rsa!«aaR«-«fiaBi:, weA:ti«*©/t 

[*H©»»fcBMin 
[0 0 0 1 ] 

a < j&v%tti-rci g sutmEStcHt * * ox 

[0 0 0 2] 

[«*©««] jiff, -&B«Jfc§§8tS§<7>£&S§9«J 

*<DX*£ttsm&m*iz. (i) 

ftiR*UT«ftfll*CK»r 5"r-f^o*>, (2)* 

©«Ms**it«r***ia»* (3) 

«■» * s v*»e * t saw s x t- * — * u > -j 



±12 (l) ©'*»«*fc]K«r**MaMISK:*si->Ts •? 

©*»«** T S» «SW-SJtCJR*-J-*Cli:-e* 5 » * 
■5 — o tt i woe^je ft SriRt 1 -r £ C t x- % & o 
[0 0 0 3] *&*m. «#© rgflt,fl|^ttftS(,*8Jj 

-f ^D^xeifsaBtffltt^'rBwa* (««©»■&* 

*J:&»*A<JR*r*aS««e4;t.*5#, *#BB3tt, 

<©»«a*3rasftT 

^©tfTs £8R(S.Boll, "Suppression of acoust 
ic noise in speech using spectral subtraction", IEE 
E Trans.,ASSP,Vol.27,No.2,pp.ll3-120,1979) tZmT 

[0 0 0 4] *©JMEflra©l(rfHKS&« H4*JBHT 
KM!-*-*. B4C*V>T, 1 0 lttA*Ffs#*aiv 1 0 2 

MSMI&3S^-«f.H]SSv 1 0 4ttKttla]g&. 1 0 5t£x<4 

fi^naisiBi o 2©ai*-ett»sfi, a*« 

^tfSMfOfcfiroaflWtSi-W Mttft^«fl§IB 1 0 3© 
ti«jfeE«lEJ»l 0 4CE«*-e*. 10 6iil»# 

107 &mmm&frm®28x. mtmfrVrmss 1 o 

3 4:jS»©IWftff a. 1 0 8tti±l*/f^iST-feS. 
[0 0 0 5] tfrCftffC-av^TKWr*. 
tt, A^fs^iSl 0 l*6*&&Six, {s-flSS'JlelSS 1 

0 2 £M&ft««r 0S& 1 0 3Cj££ft£ 0 {s^fffiS'JHSS 

1 0 2T-tt> «*U^;i/©«E»3(iP»tt (R.J.Mcaulay 
and H.L.Halpass," Speech enhancement using a soft-d 
ecision noise suppression filter, IEEE Trans., ASS 
P, Vol. 28,No.2,pp. 137-145, 1980)&££fie-9T«*/g 
^©fiS'J£S£5'J-f 5. ^SS^WIhIBI 0 3ftt, ft^- 
(D/V7—X<**hA'S (f) 4:(2ffi«^P (f) 

«. CCT-©^«Sl^Wtt, a*. FFT (Fast Fouri 
er Transform)* i^Srffl^Tff "5. I2*SIhISS 1 0 4 (C 
tt, e«WB>JBI8Sl 0 2-C#WSiifce*©M»l!g* 

(#^«-»*»**V^tt>t**©«S'je*) CioT, It 
§©»-&©*t|BoT^-f f 1 0 5*NSffl3t€arc 

rsns (f ) ] *E«#*i*. CCT% fs-^iaS'JIsl 
Bl 0 2lz&tfZ>ffltt&m# tS8S'J^h.fc*^ 
Ctt*-r yf 1 0 5ttSffi!ltfijn5. tLt, A^fs^ 
^^^h;US (f) ^e>¥15Jt§^^^ WUSn (f) 

&ms:*isi o ecAD^usn^fc^^ h;i/»tts ' 
(f) g^tc, C£T?»&*ifcS' (f) 4:^- 

1 0 7 KA^T WM«W«©«*t:R uai*(S*«l 10 8 



(3) 



fSKR^ - 2 12 19 6 



-*»e>iU2>-f s. m^vtiLttmnu, to o o 6] 

.Sif hiC (1) ©«fc-5tc&-5„ 



S'(f) = 



S(f)-aSns(f) if S(f)>Sns(f) 
0 or ns(f> else 



(1) 



CdT-x aHmWm&., ns (f) ttSiSiggL&GD;*^ 
^©Sf^TSs*. 

[0007] co^otei&mizji-D-c. m^mtji^i o 

[0 0'0 8]**BO§a9tt, §B<J{3*f©#£#J^«fc< 
[0 0 0 9] 

as*ffl^TS53RLfclt*iqifiE««TJ«4.**«tiai«-e» 
■»&»«SI#fc-e**«B-BI*«EV^J:5Crsfc»K:, 

A^fs-sf©/-* 1 ?— h;Mt£*»e>^L5l< 5© 

ffifc:i:$:^6Si:-rs. Tfcfc)*., it-FiE©^ (1) tztt 

[ooio] &s-rsi:> te*ac:iiw-*a d) oa 
i. ott±flj*tflni. ua»u ;i©{S£*§<?-s 

CltT-Si^2:^§<ffll£ET-§5SSs gftflms£>£6 
.< v_ LfrfeMggfflg«&*g < INS i 'p 

teflSgw .,( f ) i ; 5 fc a v .g.*» j=fflggg'<p a, 
g%ib_ft.aft a 3 * a c # °itg h a a . * 

[0 0 11] $6C**WTtt"±a2ggCJt2Ta 



— — i n m i, i, mm „ n t hi i i iji i Ct i ' m W tn i ~ y ^iji- t *^r * m t-irw if, -• - ^IT 

[0 0 12] 
[0 0 14] 

izmmi m 1 tt*:^©— iue^i ?d *eit? 

, [ o o i. 5 ] m i c*v\t, ioo o «±4t#«iffsm, 
iooi ttvamm^f^-ttAi. 1 o 02 ttm&mmm* 

wl/Tl>S. 2 0 1 ttA^fs^SiS. 2 0 2tt^«a^-Uf 
ESS, 2 0 3 ttlM&¥atl43-0F(3&. 2 0 4 tt g B*Bgg# 

«f ass. 205 t&m*:mmtR®$8. 2 o 6 

A, 2 0 7B^>, *7SiJfflI^-5o 
[0 0 16] 2 0 8t£Ktt:*i* h;H9t£ff-»*J:Via 
tlESST*. CdTftt3efl5J«*«"W-#fft>n*. 2 0 9fcfc 

210 ttmmm&^mwiS8x: mwotamm 

SB2 0 2 fca»©JHf|s<DlWts*fT"5. U±jMBJStt«#ft- 

0 0 1IC**I6TS. 
[0 0 17] 2 1 li±^19«|«U^;H31tEIB» 2 1 2 

tt»jt£«miflittgiHi« 2 i 3 ttmaswiHBrak 2 1 

4fctgSj|#® N 2 1 5ttiil*e^SigT-S5, Jtl±*«* 
MflHMl 0 0 2tC*te-f S. 

[0018] *&.m<Dnmm(Dm'E-£%Lw?z. 

Afcfl^&e^A^SS 2 0 14»6»»)a*ii» 

iiat:^is»^flf[Higs2 0 2\,za^x. ^v—x^a h 

;i/hS (f) hteffltiMSP (f) IBJ^C, A2> 

fs^iis ^ff^«ij^-*f IhISS 2 0 3CJ:oTl(0B*«Baa 

(zzT-&zti&mms^tw&) ^atb-ra. s 

Sff^ii, g3ffiH^-«f[e]SS2 0 4{Ci§c,n, CCT-S 
g/f^©SBffi§SSIS{ (Cor [i] ) 
T> g^S!Rle]SS2 0 5 tjDV^TgBfflgi^Ctr- 
ICRmaxtfflUT, *P/IP*^«8'JEIB 
2 0 6TAA«*©llflltaa'Jr*. -r«Ei3*» Rma 



i 



(4) 



9-212196 



4#tt*j*ockW<, **«*©*»£■ 

T» JS8!£©&v>e^£raac:*i£M^fcg«'J-r5c:i: 

*a*j»/#gjs©»Mtt-es*:n. btfu «*©* 

^#fc£©*tf£f3^U^/i/tf^mK'J^v^iS?# 
p, t, k, s, h, ffcif) £IE5£lc&ai 

3**ca^^T»*/#fF*©MWfcfT-3T^4. 

[0019] r«fc:sMrte*i:JRfeii* 

Snew ( tf ) = Sold ( f) 0 + St ( f ) ( 1 - 0 ) 



tf, H2B\ ri 7x? .j 7j ■ettgLfcJtgjB**. 
JS*"** h;Mtt£ (S s e 1 [f ] ) <D-mZ7fiLtzt, 

©-e»a. .raiattt» «*-ea»emifcjfttufc»a© 

^7.^ (Sail [f ] :fc<fcVil#©M# 

( I Sall[f]-Ssel[f] I ) fcHBSCiRUfc. dd 
T-s Rmax©tefc£0. 1 4. «£^flflfttt 1 2»i: 
U Z.<D*$<D&mWS8m\Zl 7. ma* 
6, Sal 1 [f] fcSs e 1 [f ] ©atttMrC/j^ 
<, ri7if ij7j oj;^4«*(!)j|«tx9ai:t) 
fcJl&gTfc, Rmaxtirs-C^W'&JiS 1 ^^^ h 
A4«£S#»s d i: tfqJf£T-£ & ^ fctf«fc < btfs. 

[0020] m&&.&m2titzm^7>^* wus 

(f) ttv 8t*fcWMar*lfc»^ffl*;W ^2 0 7 A 
#H!C ttg;*'** hJUSns (f) tLXm^XK? 
h;H*ttftl«3J:iFB«lll»2 0 8 ic gift Sir, 3. fttt 

*M£©K*rHU SC (2) 
[0 0 2 1] 
C»2] 

(2) 



dCT-, Snew (t, f) ttgff£*ifc*#*'<* h 
;u» Sold (f) tt»rlH©*tgyl"** St 
(f ) ttX*fi*#MI*'4:WB'J**ifc^cDJi*^^^ h 

£ 0 0 2 2 J -Sg^g-gPff «gj^-C-U-fc Efl«ft ;Srg-c.. 



(3) tgfj i^aw (f) fcjg^s. ~~" 

[0 0 2 3] 

[»3] 



S'(f) = 



S(f)-W(f)Sns(f) 
0 or th(f) 



if S(f)>Sns(f) 
else 



(3) 



d©W (f ) (i % BU^L&Sg?i#© ngd;cj £Rg$ 

&<'h3<-rsfts**S!K ^©a&igtts; (4) ©<k? 
ic-r scfc-c-&*tf<fc5*§<&s. fftto*, jy, 

if .)_©f &^8 %©*^ > h UT i 

W(i) = {B- CB/fc) i} + K. ||M i = 

7r ■^jfjfafi.:.Jh.' : ^T.\,. : £ .^^fSfliS/!! 1 ***** 
Kfllilfc^ 9 , 3 ©IB** 

lix 3 (4) TSLfcJ:3fc»tt«H'Ttt<, 3fW©¥ 

(4) CH£3Ji*6©-CB:&^. B&0M&B 
tKtt, SS-C-feSffltBSUTtxk^tf. $t^©HS 

T, Mgjqiffi©»*fcJ:!)*:S» <t-5CfctfT-$5. 

[0025] a±«5ttiT, x*e^c««ufc»i*© 

h;u#i»*s*i, frfeft*^* h;us ' 
(f) tfgff^&2 o 9»6ff&ns. cnt^c^sf 
LfcftfflffifgP (f) £fflv>Ti^£a:fr&f[s]SS2 1 0 

»*. c©fi^*»Htaie©ffl«aRj5R^a:«iEESii-cv> 




0. fc (4) 

S'J^i:^bt-*fl^©S±g@S 1 «:ir©^^^ h^Wtt 

t<So 4c:t% **fl8Tttc©iaa*ni*r*fc» 

[0 0 2 6] T fcfct., A^Mg tf fgg_T »W3 
1.-1 C A.,_^O^S«ltf V^l/ L n s tt> L jfe,t;^ 

[0 0 2 7] 
[65] 



1 



(5) 



<&mW- 9-212196 



LnewJLt] = Lold 0 + Ln [t] ( 1-fl) 

^3B^«L^j<i«i»tt feitg-r.a. .a^TwKtt. & 

■^T% Ls [t] .H^^^WBB 2JjOOjti^7« 

a, a [t] <=i. ofc-rso «»wft*g ir«ow^T 

[0 0 2 9] WJta^fcjMtt/V'u— A«fl3fe£*i: 

s© i / 2 r^> y y v l TMia-&tn* s ^x-ff a © # 

[0 0 3 0] 12 3 Bu #3SK©fflfl3ffl— flJfcjjVT :7d «y 

^?AT% 1 0 5 -e;i/-?"?-f ^d^> 

2 0 0 1 fcSQaiHlB 2 0 0 2*6,«:t)x Ztiifi^mMcD 

Ji^siEE^a i o o offlfuietcifttteti&ffljES-r-feSo 

[0 0 3 1] CCDSSfiJctcr-Si:, -^Vl^-?^ * 
^rA2 0 0 0T-£££^8>3:3!SgSi^fc«J5sS£tc£p 

[0 0 3 2] 

9HFtt9J@B&* ^©M^Syj£^*>£$iW©¥i9fi<]& 

-* 

[0033] gj^J^MSQ.^?j^^^J^ $>n 



(5) 



A_It J_fc.U3:.g ;_ (.6J-je^fi) 5 . 

[0 0 2 8] 
[&6] 



(6) 



EiBgaa,«;?<pjE^fe^^ © 



[0 0 3 4] c©«fc-5£ % **ffittti&E&c 
L [01] ?f:^©— jUE^JOffijES&^-r^D 

a. 

[El 2] RmaxSffl^TKS^htJItfsW^ 

[0 3] *&WCDmm<D— MS^t7o y^HT-feS. 
[04] t¥*i£ti5lt5Ml i ff«iESg©«fi£*^-r7'D 

2 0 1 {g^A*>Ssii 
2 0 2- JHttft^«flBl8l 

203 i«&?«£*ria]B 

2 0 4 gB*§H##rle]B 

2 0 5 g^cfflSIRlHlSS 

2 0 6 **r/#«ptt»l(sIB 

2 0 7A ^-fy^ 
2 0 7B 7-f 

2 0 8 SfW*'** h;H»«Elt#*J:rfl3ttiaB 
2 0 9 tfft^B 

2 1 0 &flltttt£-ftf(ilB 

2 1 1 ¥i$& ; £l"<)VZm®28 
2 1 2 ig£f&Jffll0i&ftl¥[5]B 

2 i 3 mzmttwma 

2 i 4 . 

2 1 5 fs#til*iS 



i 



(6) 



12 19 6 



2r\ 



mi} 



203 
1 


2tH 

{ 




205 
{ 






















CLPC) 




(Car E3) 




(Rmax) 



(SXNS) 



(FFT) 



.207 A 



1 



S« (f) *W (0 



NS 



( 2C 



S (0 



9f 



CO 



209 



210 



3 



(XFFT) 



P (0 



I 207B 



CU) 



212 



. (WW 



f— 9 

214 216 



looi mx#r&*+WW 



1002 3B*3OT£J 



1000 ttWfMBESn 



[12] 



[03] 



*«£ (Sail KI) " 



T 




(o) RraaxCJ:** 
CSsel Cfl) 

I Sail [f]-S«l [fl | 



Stttt DOiz] 6 
[04] 



2002 
f 



J—2001 



1000 



1 — r 1 




1Q7 



OFFT) 



P (0 



^8 



